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BY  EUGENE  L.  OPIE. 
(From the Rockefeller Institute for Medical  Research,  New York.) 
There is much uncertainty concerning the relationship of so-called 
opsonins to  other bodies  concerned in  the production of immunity 
and available data is insufficient to indicate with what accuracy the 
opsonic  power of the  serum measures  resistance to  bacteria  either 
in  normal  or  in  immunized  individuals.  Wright  has  found  the 
opsonic power of the serum with certain bacterial  infections much 
below the normal  and believes  that  a  low  opsonic  index  indicates 
susceptibility to  the particular  micro6rganism which has  been  em- 
ployed in testing the opsonic activity of the blood serum.  The low 
opsonic index observable with certain pyogenic and tuberculous in- 
fections is believed by Wright to antedate infection, being indeed its 
cause.  There can be no doubt that the opsonic power of the blood 
is subject to considerable variation, but non-bacterial factors which 
depress it are but little known.  Hektoen and Ruediger  ~ have shown 
that a  variety of inorganic salts  inhibit  the opsonic  activity of the 
serum in the test-tube, but what effect similar substances have during 
life is not known. 
Wright and Reid  a further have shown that exudates produced by 
a  given bacterium may exhibit partial  or  complete absence of  op- 
sonin  for this  micro6rganism.  The  fluid  in  the peritoneal  cavity 
with  tuberculous  peritonitis  may  contain  no  opsonin  for  tubercle 
bacillus;  it  has,  to use  the expression  of Wright  and  Reid,  a  low 
bacteriotropic tension. 
The  following  experiment shows  that  an  inflammatory exudate 
caused by one micro6rganism may contain  no  opsonin  for this  or 
for  other  microSrganisms.  A  fatal  quantity  of  Staphylococcus 
pyogenes aureus has been injected into the peritoneal cavity of the 
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guinea-pig and the power  of  the  serum  to  opsonize Staphylococcus 
aureus and Bacillus typhi has been tested. 
Experiment z.--Into the peritoneal cavity of a  guinea-pig were  injected three 
cultures on agar-agar of  Staphylococcus  pyogenes  aureus  suspended in 3  c.c. of 
o.85  per  cent.  sodium  chloride.  Death  occurred  in  twenty-four  hours;  the 
peritoneal  cavity  contained  IO  c.c.  of  turbid  fluid  from  which  clear  serum 
was  obtained  by  eentrifugalization.  The  blood  serum  of  a  normal  guinea- 
pig  and  o.85 per  cent.  solution  of  sodium  chloride  were  used  for  compari- 
son.  Since  washed  leucocytes  of  the  guinea-pig  are  obtained  with  difficulty, 
corpuscles  of  the  dog  were  employed.  Bacteria  used  were  suspended  in  o.85 
per  cent.  solution of  sodium chloride.  Each  mixture contained equal  volumes 
of its various ingredients.  The  following figures  represent the  average number 
of bacteria in a leucocyte  after incubation at 38  ° C.  during fifteen  minutes. 
With  Staphylococcus  pyogenes  aureus: 
Corpuscles -I- blood  serum -1- staphylococci  .......................  I6.o 
Corpuscles -1- exuded  serum -]- staphylococci  ......................  2.o 
Corpuscles -]- salt  solution @ staphylococci  ........................  3.7 
With Bacillus  typhi: 
Corpuscles -~- blood  serum -[- B.  typhi .............................  8.44 
Corpuscles -~- exuded serum ~- B.  typhi ............................  o.I6 
Corpuscles -1- salt  solution -1- B.  typhi .............................  0.48 
To  determine if the  serum of the  exudate was  capable  of preventing phago- 
cytosis  in the presence  of blood serum, phagocytosis in a mixture containing two 
volumes of  normal bl9od  serum  was  compared  with  phagocytosis  in  a  similar 
mixture  in  which  one  volume  of  blood  serum  was  replaced  by  a  volume  of 
exuded serum. 
Corpuscles 4- blood serum -}- blood  serum -~- staphylococci  .........  9.2 
Corpuscles -+- blood serum ~- exuded serum ~- staphylococci  ......... I t.5 
Corpuscles ~- blood serum -+- blood serum ~- B.  typhi  ..............  6.6 
Corpuscles -b blood serum -~- exuded  serum ~- B.  typhi  ............  7.0 
The  experiment  shows  that  opsonin  for  both  Staphylococcus 
pyogenes  aureus  and  for  Bacillus typhi  are  absent  in  the  exudate 
produced  by  intra-peritoneal  injection  of  the  first  named  micro- 
organism.  The  exudate  thus  produced  (containing  so-called  ag- 
gressin)  fails  to  inhibit phagocytosis  when  opsonin is  supplied  by 
addition of normal blood serum. 
A  second  experiment with  an  exudate  obtained by  injecting the 
bacillus of swine plague into the pleural cavity of the rabbit gave a 
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rabbit,  failed to undergo phagocytosis in the presence of the blood 
serum of a  normal  rabbit,  yet almost completely deprived  the exu- 
date of power to promote phagocytosis of Staphylococcus pyogenes 
aureus  or of Bacillus dysenteri~e. 
Experiment 2.--Into  the  right  pleural  cavity  of  a  rabbit  was  injected  one 
culture  on  agar-agar  of  Bacillus  sui  pestis;  death  occurred  in  about  twenty 
hours.  The  exudate present  in the pleural cavity was  centrifugalized and tested 
with  B.  sui  pestis,  Staphylococcus  pyogenes  aureus  and  B.  dysenteri~e.  Blood 
serum  of  a  normal  rabbit and  washed  corpuscles  of  the  dog  were  used.  Each 
mixture  contained  four  equal  volumes  as  follows: 
With  Bacillus  sui  pestis: 
Corpuscles +  blood  serum +  salt  solution +  B.  sui  pestis ..........  0 
Corpuscles +  exuded  serum +  salt  solution +  B.  sui  pestis ........  0 
Corpuscles +  blood  serum +  exuded  serum +  B.  sui  pestis ........  o.04 
With  Staphylococcus pyogenes aureus: 
Corpuscles +  blood  serum +  salt  solution +  staphylococci~  ..........  lO.  4 
Corpuscles +  exuded  serum +  salt  solution +  staphylococci ......  .  2.2 
Corpuscles +  blood  serum +  exuded  serum +  staphylococci  .........  22.7 
With Bacillus dysenteri~e: 
Corpuscles +  blood  serum +  salt  solution +  B.  dysenteri~e .........  2.4 
Corpuscles +  exuded  serum +  salt  solution +  B.  dysenteri~e .......  0.0 
Corpuscles +  blood  serum +  exuded  serum +  B.  dysenteri~e ........  0.3 
With  one exception  (B.  dysenteri~e,  Experiment  2)  more active 
phagocytosis  has  occurred  in  the  presence  of  a  mixture  of  both 
blood  serum  and  exudate  than  in  blood serum  alone,  and  this  in- 
creased activity has been observed even when a  mixture  containing 
one volume of blood serum  and  one  volume of exuded  serum  has 
been  compared  with  a  mixture  containing  two  volumes  of  blood 
serum.  The  following experiment confirmg this  observation. 
Experiment 3.--In  the  peritoneal  cavity  of  a  guinea-pig,  twenty-four  hours 
after  injection of  four  agar-agar  cultures  of  B.  typhi,  were  found  IO c.c.  of  tur- 
bid  fluid.  The  following  tests  were  made  after  centrifugalization,  the  blood 
serum of a  normal guinea-pig and the  washed leucocytes  of a  dog being used. 
With  Bacillus  typhi: 
Corpuscles +  blood  serum +  salt  solution +  B.  typhi  ...............  14.o 
Corpuscles +  blood  serum +  exuded  serum +  B.typhi ..............  21.2 
With  Staphylococcus  pyogenes  aureus: 
Corpuscles +  blood  serum +  salt  solution +  staphylococci  ........  16.o 
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The  exuded  serum  was  not  tested  with  bacteria  alone  until  it  had  stood  for 
some  time  and  the  results  are  not  therefore  comparable  with  the  foregoing. 
Corpuscles +  exuded  serum +  B.  typhi  ...........................  o.2 
Corpuscles +  exuded  serum +  staphylococci  ......................  3.74 
Evidence that  absence of opsonic activity may bear  no  relation 
to bacterial  injection is  furnished by examination of the sterile pus 
obtained by repeatedly injecting small quantities of turpentine into 
the pleural cavity of the dog. 
Experiment 4.--Serum  of  pus  was  obtained  by  centrifugalization  of  pus  re- 
moved  from  the pleural  cavity of  the dog after  repeated  injection of  turpentine. 
Absence  of  bacteria  in  the  exudate  was  demonstrated  by  the  negative  result  of 
attempted  cultivation  and  by  examination of  stained  preparations.  The  opsonic 
content  of  the  fluid  part  of  the  pus  was  tested  by  the  usual  method,  washed 
corpuscles  of the dog and a  suspension of  Staphylococcus  pyogenes  aureus  being 
used.  For  comparison,  activity  of  phagocytosis  in  the  presence  of  blood  serum 
of the dog and in physiological  (0.85  per cent.)  salt  solution  was  determined. 
Corpuscles +  blood  serum +  staphylococci  .......................  5.5 
Corpuscles +  exuded  sermn +  staphylococci  .....................  0.5 
Corpuscles -}- salt  solution +  staphylococci  ........................  0.4 
The  following  experiment  confirms  that  just  described  and 
shows, moreover, that diminution of phagocytosis is  due to loss of 
opsonic action and not to the inhibiting action of turpentine. 
Experiment 5.--An abscess  was  produced by injecting one cubic centimeter of 
turpentine  into  the  subcutaneous  tissue  of  the  dog.  Serum  was  obtained  by 
centrifugalization  from  the  thick  sterile  pus  present  at  the  end  of  four  days. 
The  opsonic activity  of  this  serum  was  compared  with  that  of the blood. 
Corpuscles +  blood serum +  staphylococci  ........................  1.9 
Corpuscles +  exuded  serum +  staphylococci  ......................  0.5 
Corpuscles +  salt solution +  staphylococci  ........................  o.I 
Corpuscles +  blood  serum +  blood  serum -F- staphylococci  .........  2.7 
Corpuscles +  blood  serum +  exuded  serum -1- staphylococci  .......  2.8 
Corpuscles +  exuded  serum -~- exuded  serum -l- staphylococci  ......  1.2 
Phagocytosis with serum of the exudate is  much less than with 
blood serum, but when serum of the exudate is  mixed with blood 
serum, phagocytosis is  undiminished. 
With  the serum of the sero-fibrinous pleurisy caused by turpen- 
tine injected into the pleural  cavity phagocytosis is  approximately 
equal  to  that  which occurs  in  the presence of blood  serum.  The 
following  experiment  is  cited  to  show  that  turpentine  does  not 
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Experiment  6.--Serum  from  a  sero-fibrinous exudate withdrawn from the 
pleural cavity of the dog three days after injection of 2 c.c. of turpentine was 
freed from cells by centrifugalization. 
Corpuscles + blood serum +  staphylococci .......................  lO.7 
Corpuscles --]- exuded serum  +  staphylococci .......................  II.I 
The  experiments  show  that  the  serum  of  a  purulent  exudate 
obtained  after  the  cells  have  been  deposited  by  centrifugalization 
may contain no opsonin for staphylococci, even though it has been 
produced  by  a  sterile  irritant  and  contains  no  micro6rganisms. 
This fact is in agreement with the observation made upon exudates 
caused by bacteria injected into the guinea-pig and rabbit,  for here 
injection  of  one  micro6rganism  caused  loss  of  opsonin  for  the 
other micro6rganisms which were tested.  Nevertheless the experi- 
ments  do  not  demonstrate  absence  of  specificity  on  the  part  of 
opsonins, and in Experiment 3 a certain degree of specificity is per- 
haps  suggested,  injection of  typhoid bacillus  causing  almost  com- 
plete  disappearance  of  opsonin  for  this  micro6rganism,  but  only 
partial  disappearance of opsonin  for staphylococcus. 
Absence of opsonin in the exudate produced by an inflammatory 
irritant of great activity has no necessary relation to the nature of 
the  irritant,  for in  a  purulent  exudate caused by  a  sterile  irritant 
there  may  be  disappearance  of  opsonin  for  staphylococci.  It  is 
not  improbable  that  the  complement-like opsonin  of  normal  sera, 
which,  as  Muir  and  Martin  4 have  shown,  is  absorbed  by  a  great 
many  substances  exhibiting  combining  affinities  for  complement, 
has  been  absorbed  in  the  experiments  just  described  not  only  by 
micro6rganisms but  by cells  contained  in  immense number  in  the 
purulent  exudate,  for it  is  well known that various tissue extracts 
can absorb complement. 
The observations which have been described probably explain in 
part  the presence  of  the innumerable  extracellular  bacteria  which 
may be  found  in  the  serum of many purulent  exudates.  With  a 
micro6rganism  such  as  the  meningococcus,  streptococcus  and 
staphylococcus, which readily undergoes phagocytosis  in  the body 
or in vitro,  it is possible that exhaustion of opsonic content of the 
fluids,  rather  than  impaired  phagocytic  power  of  the  cells,  may 
explain  the  occurrence of uningested  microSrganisms  in  consider- 
able number in the exudate produced by these bacteria. 
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